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2. US Embassy (Moscow)
Employee biQ-<1am.a8e
(thenna1 and athermal)
Hazard at: 0.1· 15JiW/cm2
(Source: x..rayed Without
Consent; BettDutnp6; 1989
per Dept. of State records)
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4
VDT STUDIES-UNITED STATES AND CANADA

Many investigations have been conducted to determine the cause of VDT

user trauma. Studies in at least six countries were original (the United

States, Canada, Spain, Norway, Sweden, and Finland). The conclusions in

the other several hundred investigations were essentially based on hear
say. Nevertheless VOT experts refer to the overall work as "scientific

data."
The National Institute of Occupational SafetY and Health, which

monitors the welfare of people in offices, examined at least 19
computerized workplaces Mee 1975. To date, the agency's conclusions

have not deviated from their first opinions in which NIaSH stated:

1.
2.

3.- 4.
5.

6.

VDTs are harmless.

Emissions are too low to measure, and are therefore welt with

In human tolerance.

User complaints are imaginary.

Stress is due to poor posture and Job dlaatlsfaetion.

An etJODOmlcal1y treated environment will eliminate user

complaints. .

Concern is unwarranted.

I
I

Despite the aauranc:es of NIOSH and other reaponslble parties, VDT user

complaints persist and escalate. The maladies people descrlbe resemble

those associated with ndiation sickness. Physicians have not recognized

this.

The work of American and Canadian investlptors is summarized In
this chapter. Some conclusions were referenced by experts at the 1981
and 1984 conaress\onal VDT hearings. Most studies reported here and In

chapter 6 were overlooked.
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4-1 NONIONIZING RADIATION

One of the earliest indications scientists and physicians had that non

ionizing radiation induces biological damage was in the American

Embassy in Moscow. Since 1953 the embassy was the target of microwave

illumination from a Soviet trclnsmitter. Employees developed unusual

symptoms and diseases; some died. The Department of State (DOS)

requested a facUity and medical Investigation.

DOS FACIUTY

The National Telecommunications and Information Administration (NTIA)

responded to the DOS by commissioning Johns Hopkins University to

perform a facUlty study. The Applied Physics Laboratory (APL), a di

vision of the university, analyzed microwave measurements taken by DOS

personnel over a 2S-year period. A summary of the evaluadon follows.

The lC>-tltory embauy buildl.. was the tarpt of mumiDation from a
SovIet microwave tranlmitter for 25 years. TbrouIbout the period,
the distance of the radiation source was app-oxtmately 100 meters
west, east, and south of the building. at
The tUumtnation of the Chancery is divided into two periods. The
first 22 years (1953 to Nay 26, 1975) was liven the code name
TUMS. The second period (May 28, 1975 to February 1977), MOTS,
wu divided into two phases: NUTS-I and MUTS-2.

TOMS. Durln& this period there wu a sinB1e source of t11l1mlnatlon.
The microwave beam radiated from a Soviet apartment bouse about
100 meters west of the .Chancery. The biIbeat ncBattoo levell
meuurecl were within 2 reet of doors and windows on the west wall.
The averap maximum exposure wal5 mlcrowatts per square cen
timeter.

MOTS-I. Microwave enel"lY was high ·for 8 months. Beam were
directed from the east and lOuth. The aVeRae maximum exposure
wailS mtcrowatts per square centimeter.

Durin& part of MOTS-I (July 1975 to January 1976), microwave
transmission oriatnated from two sources: (1) the roof of an
apartment building 80 meters east of the Chancery, and (2) an office
building nearly 80 meters south. The east facade of the Chancery
had many windows. The south had windows in rooms 901 and 1001,
and the stairway on the 8th and 9th floors.
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From i4 to 31 July 1975, room 901 had an average radiation level of
9.0 microwatts per square centimeter throughout the area. Micro
waves were focused sharply on the upper floors. The highest
radiation levels recorded were in offices in the east side at the
center of the building. The intensities increased toward the
southeast rooftop comer, above room 1001.

The highest reading inside the building during MUT5-1 was within 2
feet of the window in room 1001. The signal strength on the rooftop
on January 24, 1976 was recorded at 24 microwatts per square cen
timeter.

MUT5-2. Around November 1975 the energy of the Soviet trans
mitter, on the rooftop of the apartment building (100 meters east),
suddenly dropped to 2 microwatts per square centimeter. Screens
were installed on windows on February 6, 1976. The lowest energy
was recorded from this date through February 1, 1977.

The microwave signal, transmitted from the south and east, pro
duced an average maximum exposure that measured a fraction of a
microwatt (less than 0.1 microwatt per square centimeter).

There wu an area (re&loD 2) where the readln& wu only O.7S
microwatt per square centimeter. Sin&le tndlviduals in the south
wing were exposed to less than 0.1 mlcrowatt pet" square centimeter.

1D the subSequent b!olo&lca1 stlJdy performed by L1Uenfeld, the
people exposed to fractions of a microwatt vere IfOUPeCl amana the un
exposed. Those worklna In shielded areas were also placed In that

cateaorY. ThIs is tantamount to lay!q that osteolenesls equipment does

not affect bone ttIsue because its energy is too tow.

CencIUl1on. All complete a model as poalble wu developed from
the data recorded by DOS penonneL Matter 11 known to ablar'b
microwave eneraY (u In microwave cooJdna). However the incidence
of disease (morbidity) and mortality, reported by Embaay employ
ees, cannot be attributed to the low levels of microwaves passlna
through the buttcllng.

There II a need for authoritative b1q»b:y11cal analysts of the micro
wave field illuminating the Embassy. At this time, it Is only poaIble
to constder theoretical biological effects from the low frequency
microwave radiation beamed at the Chancery. Additional studtes are
recommended.
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The degree of biological damage in DOS personnel would depend on

dose, time, and distance. The Soviet transmitter was consistently at a

distance 80 to 100 meters from each wall of the Chancery. Dose and time

varied. Microwaves were strongest at the rooftop and above doors and

windows which are usually framed with metal, a highly conductive

material.

The APL and associated experts indicated that microwaves are
"opaque to masonry walls; radiation enters through door and window

openings." This may be so, but radiation can perform its work indirectly

by ener&izing matter. This was confirmed by Russell H Morgan, professor

of radiology at Johns Hopkins University and Hospital (1961). Dr Morgan,

who identified the natural radioactive materials in humans and the

environment, said:

.
_.'

.~ Among the radioactive elements in rockI and solI Is uranium,
thorium, and their decay products; and potassium. The concentration
varies throuIhout the earth. Because rock is frequently used as a
buildina material, masonry iI an impaUnt source of radiation to
which humans may be exposed.

The radiation from natural sources Is essentially pmma (approxi-
mately 50 mR per year), which 11 penetratlq. Radon and thDron ....
diffuse from the earth and bulld1ns materials. Carbon, calcium.. ~
potallium, and iocltne are natural CODItltuenta of the bocl)"s soft
tlssues and nuids. (The elements are found in the earth and in rock.)

Dlumlnatton of the Chancery's bulldinl materials must have elevated

the temperature of, and Increased chemical reactions ln, racBoactive

matter in walls of the butldln&- The secondary enetIY wu transmitted to

people. It eneqlzed elementl In the body, wbtch caused bloloatca1

reactions as if their tissues were "seetna" the eneraY source. The more
radioactive materials in the waUs the areater will be the bfoJoBlcal dis

tress, even when the energy of the Irracllatlon source is low.

The SovIet transmitter had three microwave intensities: medium,

hip, low (Table 4-l). The severity of biological damage in DOS personnel

should correspond to the exposure phase, and correlate with the death

rate, in the 23-year period (1953-1976). The temperature in the west,

south, and east sides of the building would also influence biological

perturbance.
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Table 4-1 QualltJlDd Effect or DOS FadUtJ EatI'l1

AYV8.
ExpoIare Microwave Muimua
PUtt IDt!!!iq Mk:ro1fattl Expectecl Blom!!- Reac:doa

I. roMS Medium S.o ModeraIa.bcIIberIame, and
inwnb1e tissue damIp.

2.MtJTS.l High 10.2 Immee«are IIIdsevere cf:Image.

3.MUTS-2 Low 0.1102.0 Ml1d, subtle,but inexorable
pea1UIbaace•.•••.•.........•.•....•.............•....•..•...........•....•••.....•...•.•..

DeIIhs· Ma1eI PemaIes

1953-1960 37 3
1961-1966 4 1
196"1·19'71 3 S
19n.1976 ...z ...2

36 11

• Due to IDsuftidentct-. 13 deaIbI WOI8 uclade4 fmm die st'd...
1beYIcdmIwaeaD IIII1eL

A change in blood quaUtY alone should have been \ndicative that

somethtn& wu wronc with the Embassy's' envlronment. Lntenfeld exam

Ined diastolic blood pressure, and found that DOS personDel had a hiaher
rate after their tour. They also had fewer white blood cells, and more

psychiatric problems, than the comparison group. Experts declared that

these, and other disorders were due to chance.

DOS Biological Study

Together with a team of individuals, whose expertise ranged from nursing

to engineering, Dr Abraham Lilienfetd of Johns Hopkins University ana

lyzed many health records of personnel stadoned at the Embassy durinl

the Illumination period. The data was complled with an IBM 370/148

computer. It consumed 200,000. punch cards in the Initial evaluation of

personnel records, and 2 to 3 times as many in the editing process.

Besides DOS employees, individuals at the post included people from

the United States Information Agency, the Departments of Defense and

...
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Agricultures and the military. For the purpose of this discussion. all

agencies at the embassy will be referred to as DOS personnel.

Lilienfeld compared the maladies of DOS personnel to those reported

at other embassies (the comparison group). His team analyzed statistics
of mortality and disease (morbidity) in male and female employees. and

dependents (spouses and children). Generally the team found: (1) more
deaths among the male population than the female; (2) a high rate of
cancer in females; and (3) a high incidence of mumps, and leukemia and

other blood disorders among children.

It is possible that DOS children did not actually have mumps, but

swollen glands (salivary) of the tongue, throat, and ears. An unexplained

outbreak of mumps was reported amoDg schoolchildren in the District of

Columbia, Maryland. Dlinols. Kentucky. and other states (1988). The

glands of VDT users swell. The condition may be diagnosed as mumps.
Personnel at the embassy sensed biological perturbance. which they

suspected was caused by some abnormality in their environment; radi

ation. They measured and monitored the diabolical agent which vibrated
at various frequencies, includinJ television and FM radio bands. Micro

waves were streamlq tbroulh the Chancery as they do In a microwave

communications tower. No one believed or acknowledged that radiation
caused the morbidity and mortality occurring at the "£mbassy.

In research germane to the problem at the Moscow Embassy Swedish
neurologist at the University of Goteborg, Dr Hans-Arne Hansson {198S},

found that electromagnetic radiation affects radar and microwave work-
en.

Radar worken suffered brain damale, altered spinal nuld, frontal
lobe disorder, memory 1.011, and other neural injury. A protein, part
of the white matter Clliat cells} that insulates nerves ·of the brain,
wu diScovered In cerebrospinal fluid of radar and microwave work
ers. As a result of altered proteins and retinal damage, two radar
workers became partially bUnd.

Exposure of nerVous tissue to electromaanetic fields, ranaina from
power line to microwave emissions, may cause a wide raDle of
blololical effects. The dfsorders may remain silent for a period that
luta months or years. People exposed to microwaves could be at risk
of sustaining braIn damage. (Sally Squires, Washington Post 1985.)
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Samples of spinal fluid were taken from DOS personnel, but they

were not scrutinized as closely as the Hansson experiments (Koslov 1985).

Had the assays been carefully studied, the LiUenfeld team might have

found abnormal protein concentrations in the cerebrospinal fluid of DOS

personnel. If they were using VOTs, the assays of the comparison group

would have been similar. VDTs and television receivers .emit microwaves

like those flowing through the embassy. The radiation is not as energetic

because CRT frequencies are lower. Since biological injury is cumulative,

the result of high and low energy stimulation will be the same.

In the United States, Sweden, and Russia researchers observed that

tissues heat when workers get too close to microwave antennas. Despite

reports of adverse health effects from low level microwave energy pub

lished by Poland in 1976, the APL and Lilienfeld concluded that radiation
permeating the Embassy was tolerable. A summary of LiUenfeld's

investigation follows.

The medical histories of over 22,000 people, allve and dead, were
reviewed. There were 4,800 people at the Embassy between 1953 and
1976; 1,800 employees and 3,000 dependents. The comparison group
consisted of 7,500 people; 2,500 employees from 9 posts in Eastern
Europe and 5,000 dependents.

ObvioUlly, the most Important health effect in a population is re
duced 10000evity or early death. There were 194 deaths recorded in
the studied population; 152 males and 42 females.

Since data was incomplete. the 194 fipre excludes 13 male deaths

from the statistics. At least 47 of the 194 deaths occurred between \953

and 1976. This means that 147 people died durin& the study period (1976
to 1978). The insult (Injury) that caused the result (death) may have

transpired during MUT5-1 when high energy was beamed from two

sources.

The number of deaths in the male population (excluding the 13) is 50
percent of the expected mortality of the United States. No dif
ferences were observed between the Moscow and comparison group.
There is no satisfactory explanation for the 42 female deaths; 80
percent of the United States population.

The morbidity in the Moscow and comparison group was nearly equal.
Many health problems were observed; some were serious. Only two
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differences were conspicuous in the two groups: (1) the Moscow male
employees had a threefold higher risk of acquiring Protozoal in
fections. and (2) men and women in the Moscow group had slightly
higher incidents of the most common health conditions reported.
(According to Alexander (1965). item 2 is a telltale sign that the
experimentals were poisoned by radiation.)

The health conditions of DOS personnel cannot be related to micro
wave exposure. No consistent pattern of increased morbidity is
evident in the group exposed to other than background (natural)
microwave radiation. (Individuals exposed to less than 0.1 microwatt
were classified amona the unexposed. Therefore ailments in this
group, attributed to background, may have occurred during MUTS-2.)

Men and women in the Moscow group reported more visual problems
than the comparison IfOUP. Most were due to correctable refractive
errors. The men had more psoriasis; the women more anemia.
(Women naturally have a lower blood volume than men.) Nen re
ported a high tncldence of depression, irritability, and memory loss.
(Alexander stated that depression, and other mental perturbance,
indicates that radiation has affected cranial organs.)

In view of the published articles 'that the health of Embassy per
sonnel wu in danler,' It is not surprisinl that the Moscow group had
a Maher rate of morbidity than the comparison posts. (What about
the dead aDd extremely ill people: bow were they influenced by
media reports?) No relattoathfp wu fOUDd between the occurrence
or health I)'JDptolDl and microwave exposure.

The chi1dren ltudied experienced many health problema. The mal- ~
adl. were simllar in the Moscow and comparison lfOiJps. There was
one notable difference, mumpa occurred twice as often in Moscow
thaD in the comparison II'OUP. (Radiation ltimulates the ,lands which
sbrlnk, Iwell, or become Infected.)

Conclusion. No convlnc:ln& evidence wu discovered that would di
rectly implicate the low levels of microwave radiation, beamed at
the American Embassy in Moscow. u the cause of any adverse
health effectl, u of the time of this analysis.

Recommendations. The results of this study could be interpreted
that microwave radiation at the MOICOW Embassy did not procluce
any deleterious health effects. It should be made clear that
generaltzattons must be made with caution. The group with the
bllbut exposure should be analyzed at intervals of 2- to 3-year
periods. A surveillance system for deaths and malignancies should
also be established.

Table 4-1 lists some of the symptoms and diseases recorded. The

population 00, which equals 879 DOS and 1,303 comparison, had simllar

maladies because the body can get sick In only so many ways. LiUenfeld

noted that the incidence of eye problems, anemia, and ulcers approached
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Trauma is syltemlc til adults,
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statistical significance in DOS personnel. Although not shown. male mor
bid!ty was usually between 2S to 6S percent hfper than female. Taking
into account that radiation always aggravates existing disorders, the data
compiled for "diseases or conditions ever present" is used in this listing.

Since data was lacking, Ltlienfeld's team did not correlate the
maladies with the three illumination phases. This Information, and the

location of DOS personnel within the Embas~ in relation to the
microwave transmitter, is impentive to perform· a thorough study.

Location and period of irradiation would partly explain the variability of

personnel maladies, and the death ·rate which probably climaxed durinl

MUTS-I.

Between the late 19605 and early 1970s workers in various ec0

systems worldwide used VDTs; a television receiver attached to a

keyboard. For instance in the United -States (1976), court reporters

worked with a Beehive terminal (CPU) wedded to a black and white

television set. Some workers complained that their ''head and face felt

numb."~ and comparison JI"OUP personnel may have been usingllmtlar
conflpratlons.

JJJ1enfeld'l Itatistics (Table 4-2) SUIPIt that health problems at the

EmbuJ;y were no worse than maladies of the comparison group. He was
alarmed by the mumps outbreak and other morbidity in cbf1dren. who
presumably did not use computel'l. The team did not qualify its In
formation. How old were the people afflicted with mumps; below or
above age 91 What caused the bJrth defects and problem preananct
occurrlnI at the Embassy after the employees' first tour of duty? The
birth defects in offsprlnl of controls and experimentals were ·allD01t

equal; why? Fatll\le, mental confusion, anxiety, and most diIorcIerI

reported to LiUenfeld were observed by NIOSH in the San Francllco
survey, and by NASA In the altronauts. The common element to which
they were exposed was radiation. .,

The DOS facUity and blolopcal studies, Ute most, are tnconc1U1ive.
The APL investigation concentrated on microwave measurements. There
is no indication that either team analyzed other exposure (e., VOT) DOS

personnel may have had. If people. especially those in the southeast

comer (rooms 901 and 1001). were ustng VDTs visual and other dlaorders
would have been severe dl.lliDa any phase of hTadlatlon. VDT users in the

comparison group would have had similar problems.

oil
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A group of experts from the Electromagnetic Radiation Management

Advisory Council (ERMAC) assessed the radiation bombarding the Mos

cow Embassy, and the biological trauma reported by DOS personnel.
Their consensus was the same as that of the APL and Lilienfeld teams.

ERMAC Analysis

In 1980 the ERMAC met to assess the biological implications of the
microwave environment in Moscow. Members of the group included ex

perts from universities. hospitals. and private companies. The consultants

were employed by General Electric, the University of Washington, the

Virginia Commonwealth University. NTIA. APL. George Washington

University. the University of California, Bell Laboratories. Gerry L

Pettis Memorial Veterans Hospital. Argonne National Laboratories. and

the lUliverstties of Miami and Tulsa; one consultant was an independent

engineer. The ERMAC experts concluded:

The mode1a used for the analyala of bloloIlcal hazards are over
stated. Other electromapetic radiation II more wtense~ that
tmpinalna on the Embassy. There Ja DO sdentinc evidence, or
theoretical grounds. to suggest that blolOl1cal disorders reported by
Embassy personnel 'Were due to microwave irradiation.

And 10 the effects of microwave radiation in Moscow ended on the
same note u VDT studies: There is no evidence that low level noniontztna
radlation causes tissue damale; biolollcal perturbance is due to chance.

It appears that neither the APL. LiUenfeld, nor ERMAC endeavored to

find a common factor. So it is in the VDT environment, and investiptions

of alleled inJury from the emissions of hiah voltage power ltnes.

BIOLOGICAL INTERFERENCE

The potential of the blosystem chan&es when orpnisms absorb excessive

natural or artificial electricity. Galvani and other scientists discovered

that electric current causes friction as it travels through tissues and

associated chemicals. Spasms in the nerves and muscles, and chemical

change are the visible reactions to energy absorption. An elevated bio

logical charge is the invisible effect. However It is perceptually apparent
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in that individuals or organisms gain weight, become hyperactive, and
dart about Uke ignited firecrackers.

Charged tissues vibrate at high frequencies. Ions rushinl throu&h
them to ground create a sort of "ionic wind" (conduction current). The
added energy causes chill inside and outside the body. VDT users ex

perience these sensations which were observed in other organisms.
Workers use heaters to ward off chill. Heat causes fast chemical
reactions that exacerbate their perturbance. Bridges and Preache ana
lyzed data that showed change in organisms exposed to electromagnetic
radiation.

Power Line Radiation

In 1979 Jack E Bridges and MaurUne Preache reviewed Utenture on the
biological effects of electric fields from high voltage power' lines; ex
cerpts follow.

Electric fields Induce the same current in the body u bouIehold ap
pllancel. Tberefore the electric field of power 1m. II only a subset
of the urAl 50 aad 60 Hz electromapetlc envIroDment of t11duI-
trlallzed-communltles. .

Dependq on the distance it must travel and other facton, a power
Une camea 10,000 to over 500,000 volts. Its eneraY is stepped down to

120 or 220 volts. whlch vibrates at a frequency of SO or 60 Hz. If 120
volta can electrocute humans. 10.000 volts dtsslpattna from power llnel
must have some btoloatcal effect.

Most lnvead.ators used ftsh and other orpnisms u teat subjects.
The reaettons of anlmala cannot be compared to those of humans.
For that reason, It Is not yet UI1derstooci how electric and mqnetic
fields Induce currentl and electrical potentlala in humau aDd &D
imala. (EnerlY flows in humans as it does in any electrical and
electronic circuit.)

The electromapetlc fields or power lines produce Imall arc dis
charses, air Ions, low level aCOUltics. and racBo noIae. These
phenomena are confined to the immediate area within 100 feet of
power linea. The eleetromaanetic fields charae the skin. caustna
electric current to now within humans, and throuab the body to
ground.
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3. US Embassy (Moscow)
Hazard at: Ip.W/cDi2
Result: Illness and death
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ASSESSMENT OF HEALTH HAZARD AND STANDARD PROMULGATION IN CHINA

Chiang Hu&i

Microwave Institute
Chekiang Medical College
Hangchov, China

In general, radiofrequency and microwave radiation at suffi
cient levels ot intensity and duration ot exposure could cause
ha.rmt'ul eftects on a Urine organiSll, but the bioettects and their
mechanism are not yet well known. There are~ uncertainties
and ditterences of opinions, so that the sate exposure llm1ts
proposed 1n various countries ditfer troll each other greatly, anel
there are two difterent tJPfls ot sate exposure standards to con
sider dePending on the population to be protected. There 18 an
occupational standard ~cb is used to protect persona vorkins
1n the 1tF 01' MW enT1ronaent, and an enviroDJllental standard to
protect the seneral public. The safe exposure level. of the l&tter
is orten .. low as one tenth of the tormer, because the seneral
population includes cbi.ldren, pregnant wom.en, and indiv1duaJ.a with
various di.e..es. Both of the.e exposure standards ditter troa
the emission or performance standarcls which restrict the ua1sdon
ot radiation troll. devices. such .. the emission standards tor
microwave ovena in the Uniteel State. and Canada. AD exposure
stan4ard reten to the JII&X1Jma pe1'lD1s.ible exposure level. to the
bod1'. which 1IlU8t be based mainl7 on realistic asseaallleDt of health
hazard, and ·which 11 to be discus.ed bere.

Setting of the standards is not a s1mple task. It is neces
S&17 to estabUsh a quantitative rel.ationship between power
densities ot incident radiation anel al.l biological effecta tor
human bainss. Quantification of the biol.ogical response to
microvaves is a complex problem. because of the wide ranse of the
frequency spectrum. There are a large number ot physical and
biolopcal variables and complex interrel.ationships amOng these
variable. • Most ot the scientific data has been obtaineel trom
experiments on small animals or simpler organiams. and extrap-
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olatins laborator,y relultl to man il not a cl.arly d.fined proce.s.
Addit1on.lly. there 11 • larg.amount of uncorroborat.d and
controv.r.ial ev1d.nce of various bioloC1c.l .ftect.. In the••
c the a nt of health hazard tor "Standard" promulcation
abould relyaa1n17 on the h.alth status of personnel prot,sliona11l
apoaeel to U aDd XV, althouch the intormation avaUabl. in tb1e
filld 1. 11ait.d. In various radiation conditione of human
ezpoaure, .ince it i. 1apo.lible to .ake quantitation prec11.ly and
di.tinction bet.een various radiation condition••trictly, the
r.aulte of experim.nt. .1th animals on 'biolft.ct. ot U and IN
ahould be aupplnented to tb. buman exposure data.

A nt ot H.alth Status ot RP and MV Workera

b. ca... ot acut. re.otion to aicrowavI overexposure have been
.nooUAt.reel [1]. Th. qn4rc...... to coui.t aa1nl7 ot .ub~.oti'"
coap1aillta ot headach... Dau". ,erti80. Ul4 .le.pl••sn••••
Ob~eot1T.17. hnenoni., cbuc•• in carU.e rhTtba. and a .kin ra.b
IUQ" be eIlco.t.reel. BIG .x..ination a.,. ahOY a d.cNa.. in
..p11tad. of alJlba wav.. In all 0.... the ·'Japt... v.re tran.ient
aDd 4iaa".arad ooapl.t.17 aft.r at•• 4.,. ot .eelation and re.t.
In one ca... notad br the pr•••nt author. tIM patient vas _tramslr
Gcited. h1.b1r =.tu4r in bo4r t_peratur. an4 h••rt rate. ad
.,.idlneed rev.nibl. iapaim.nt ot viaual aouit)' aDd v.ntricul.r
'blook. Da. QIlptOliS la.ted .everal ••ta, ften aolltha. In pn.ral,
the poy.r d.u1t)' ot .ieropv. apo.ure cau.iDl .cut. reaction aut
be above .t le.at ~ .V/c.. !h.r. i. no 40ubt that the aa1a1lll
penai••ible expo.ure 1..,11 .hauld be tar b.lov that lev.l.

In .eUiDl a stand.rd. on. ot the .,.t iaportant coui4.ratioll.
baa to 'be ohronio _po.un. As th•••••••ent of the rel.tionship
between _JOaure lev.l. an4 the health statu of per.onn.l
prof•••ionaU1 ezpo.ad to U aDd XV 1. 41tticult, l.r.. lroupa aut
be ob.eryecl in order to obt.in .pi4_iololieal d.ta with stat1stical
.ip1t1cmce. IIazIT contnbutiolUl ill thie f1elc! have b.en aade br
Soviet authors. Papers have al.o been pubUahed br authors troll
C••cho.10'lalda. Poland. USA. Sweden and eo torth. In recent ,.••ra,
eo.e inV,.UI.tioD hay. been carried out in China. A larl. part ot
th... t1n4iDl. cODcemiDl health hasard v111 be diecus.4 here
.101Dtlr.

fte tirst topic 11 quanti t.UOIl of huaan ezpo.url. In viev ot
the lack ot penoul do.ia.tera, the quau1:1taUon ot aposure 4urilll
work i. atrea.l,. ditficult, partieularl,. where the personnel aove
aroUDd in the course ot their dutie. and are expoled to aovilll bedS
or ant.nna of radars. 14ditionall,., 110 i. impossible to evaluate
the apo_UN over a period of sev.ral years. So OD the basis of
anal,..!. ot working conditiona, authors usually roughly divide the

I
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Jltr80DDel ex_ineel into two or three groupa nailed high, (midelle),
p4 low power denait,. croups. In fact, the expoaure le~ela

,l1ltrau,. raDle trom aClDe tens to several hundred uylca 20r
profeldonal microwave vorkers. ~e or two hundred uY/= as the
a...rcatiOD line betveen high and lov pover densttiea haa been
140pted bY' 80IIe reaearchers. Only in a 2ev workins P2aces do the
aieNVaTe exposure levele exceed 1 fAYI efA or 10 JAYI efA •

!l'he principal part of the clinical findiqs from obaerved
aiel'OYl.ve vorkel'll 18 siJAUar in difterent countrie.. SJaptOlU of
tlmctional 41aturbance in the central and ves.tattv. nervoue SY'stems
art the JAain .aniteatation. Theae v111 be describea in the
folloYlnc vith the reaults of invesUsationa in China b.1q oOlipared
I1tJa those in other countries. The investisatioll [2J on 1dl1oh the
-Cb1n.e Tentative Standard" 1_ JAa1ll1y baaed was conduct.a in 11
taeton.. aDd 1ntitutes. The JAicrovave vorkers obsened had Yorked
with _icrovave eqUJlII8Ilt (JAost of th_ yere PI ill ell ranee) fAore
than one ,..ar, aD4 a lar.. part of thea hael 5 - 15 7.are of vorJdna
.JlIrienee. 1N.17on. in the study had be.n in an OnUur7 work
..ttl. tor the last three Ilonta. 'lb.re y.re 841 worken siven
clinical observation, vith 471 persona obaerved u a control Sroup,
\htir sa: an4 ace el1etr1bution sillnar to that ot the aicrowav.
'Orul's. '!'he Ilicrowav. workera vere clividea into two Irou»- in
tau ot power 4eultJ' exposeel. The f1rst Cro11J' 306 York.1'8, yaa
.JlOled to a bieher power 4ena1 t7 ot >200 uJI CII and the secol14
l1'Oup of 5''S yorkers, to a loyer <200 uW/ca. There vas no
l1piticant 4itt.r.noe in as.s anel worldDl experiellce of th••• two
Il'Oupa (P<O.05).

1. Iffect. on the lI.noue s,atea

'!'be results conf1l'11 th. pr.vious f1ncl1D1s ot Sovi.t authors 011
the occurrence of aub~.ct1Y. coaplaints (':able 1). Anoth.r fiDc1ine
ba the .icrowave woraN va_ the partial 10•• 01 hair. 'lbe aoat
,rollOUIlCecl .,..ptcaa V.re h••4ache, tatiSD, 41atul'bance ot aleep
(1D11ollDia Or 8OIlDD1.nce) and decrease in _.0l'7. 1J.lhe perlons who
C.pla1ne4 ot C'I ot the three aJllptcaa .enUoned abov. yere defin.4
.. -neurasthenia· an4 the incidence ot lleurastheDi. ia shoft in
!able 2. It is incliclted that there were ail1l11.'1callt dUt.rences
betw.en 8'117 tvo croup••

A part ot the observed persona (106 in all) V.I'. exaabed tor
!BO. The .icroyave vorkera' EO revealed an illcr.... in theta and
delta wavea, but there were DO silllificant difterences in
statistics.

Similar complainte anel incidences of neurasthenia ~ptOJA. vera
observed ill RJ' vorkers in China, and the plao.. vb.re the,. worked
vere at the field atrenstha ot eeveral hundred VIll.

I,
I
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TABLE 2: Incidence ot Neurasthenia Snptollls

Group Incidence (%) Group. for X
2 p

1
2, '224.1

11

among all
high to lower
lower to control

<0.001
<0.02
<0.001

TOLl , I l?puud.o Att.ratioD of BP 1n JlV Work.r.

2. Bttecte on the Cardlov8ecular S7.telll

!be microwave worker. ¥.bo complained chiet1, or palpitation and
paiu around the cardiac rellon were In the hiah power clenait7
.icrollne racl1.Uon &rOup I the incld.no.. weI" Dch hilh.r than tor
the control group (p<O.OOl). The ino14eno.. of hnotonia «100 _
He) weI" biahel' in the microwave sroU'8 (hilh and lover clesiii107

froup in 25.5~ and 22.6~ respeotive17) than in the control Croup
15.~). leviewilll the reporte (,,4,5] pabUahed bl Soviet authore,

'It oou14 'lim that the incl4eno. of hnotoaia ln U aDd IlV work'N
-1017 18 20-4~, and In the .ost reo.nt ten ,.al'8. the lncid.noe of
bnerionia i. bieh.r thaD hnotonl.. It hu bHll .11•••1084 that
bJpertoJl1a incre•••• vi th workinc "', ancl occur. in a4vanc.d stal"
of tbe db..... Olotova obeen" the clJDD'1o aUen.tiou of blood
prellure of .icro_ve workers. She dhldecl· the ob.erved per.ou
late thrn lroupl .ccol'4ias to their initial pre••llre. '!'bel all
lr're Dear th1rt1 years of ..e.

Croup O'o.en" 'fotal
.10. 'u.. 90=95

o,o,o
2

BP (_ He)
105-1" 140-145 150-160

9
6

100

e.,11
1n1tial
after ,
6 leare

1

-

I
J
I

2

-
initial
after ,.
6 l.ara

17
o
o

o
o

17
5

o
6

o
6

•

. The microwav. exposure effecta on BeG .howed chuce. ill cardiac
:ate, ainor downward di.plac.ellt ot the S-! .....Ilt. lower1nc of 'f
ttlection, and .lllht deviationa fro- no~al in excitab11itl and

c01!duct!on of cardiac-electric activity (Table 4) •
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TABLB 4: Chan,.s In !CO (Incid.nc. %)
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1 Tabl. 5

Group De.p Bra- Taclly- ST-T lower P QRS Hi,h potential
Bo. dycardia cardia at lett

ventri-
50/lllin loo/min lIlale t_ale O.le O.la cle (llale)

1 1.6, 6.54 11.8 '4.29 6.86 10.78 11.92
2 3.93 3.36 11.2 14.61 7.85 11.59 12.89, 0.42 4.25 5.6 18.07 ,.18 4.0' 8.95

In order to ob••rv. the microw• .,e expoaure ettecta on vaacul.r
1'uncUonal .tate, rheo.ne.palograa, rbeo,raa ot tinger hnocl,naic.
and oculi f"lmdue were ex_ined. Th.re ..ere no .igniticant t1ndings
in the re.ulta.

'!'h. data aentioned above ahow th.t .icrowa.,.e action wa.
charact.rised 'bT .utonCDic .,..acul.r .J1Iptca. ot • .,...otonic
oharact.r, apr••••d Hpeci.llT in lJ.7potoni. and 'bruTC.rdi••
Sadcb1koya 8IIIl a8llJ' SoY1et .uthors [4,5,6] .tat. that the .sth.nie
8J'D4l'011. 11. the IJL1U.l at..e. included uinlT a ccap1n: ot aath.n1c
8JIIptca. dClllnate4 bJ' .utoncaic .,..ecular chanc.. vith • .,..,oton1c
ten4enoT. In the dvanc.d •.t .... ot th. cU.•••••, the
a.theno-.utoncaic 81Ddrcae vith .,..ecul.r dT8taaction ot the·
hJpertonic tJp. wa. most frequ.nt. At a c.rt.in .t..e ot
dev.lopaent ot .utoncaic va.cul.r di.turbanc.. , the hTPoth.l..io
8J'D4rca. (.utonoaic vucul.r tora) appeared and Vall ch.racterised bT
_4den oria., predcainantlT ot a aJilpath1oo-a4renal charact.r.' In
our m.,..tigationa. the .toncale vaacular IIJ1IptOli. ot mo.t peraoDII
maintain84 a "'8COtoD1o charaot.r, vh1l. tbeT were ob.erved over.
periocS ot fiv. ,..an. Iothinc ot nch • ..,..ritT .. to be elesoribeel
• bJpothal_1c IITDdrca. vas tound. It a••• that the nature .nel
•eneitivitT ot cardiovucular re.ctlol18 to prolonged expo.ur.
depnd, to • larce extent, CD the individual char.cteristics.
JUrth.r studT CD clinical maniteatationa anel ite ••eh.ni.. could be
valuable, ...ea. docton in our eount17 are DOW Intere.ted In ueing
microwave In tr••baent tor h7Pertenalon.

ne h:rpot01l1. aD4 bradyc.rdi. w.re alao ob••rved In U workera
iD China, but the incidence vaa not 80 high .a that in lIlicravave
workers.

,. Eftects on peripheral blood

10 char.cteristic chaDl.S in peripher.l blood picture vere
toa, oulT • slight l.ukopeni. and throabocTtopenia occurring 1n
the firat group a. coapared to the othen (p<O.OOl).
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Table 5 Incidence of Leukop.nia and Thro.bocl1openia

633

C1'01lP Le~oc,-te (%) ThrOllboc)1;e (%)
10. <5,OOO/mm >9 zooo/..' <100,000

1 29.41 1.96 26.79
2 18.69 8.6 14.02, 21.2' 7.2 17.2

Diveraified VBC r ••poue. are found ill aanT reporte. In
C••rU, a118ht or Iloderate leukopenia -1 be found in .icrowa.,e
workers vorkiq at hi8h power d.naiti... In a 1lUIIlber of ca••s
l~rto.is Yas encountered in the iDitial p.riod of profe.sionsl
upo.ur.. Absolut. 11llphocJ1;oals lIlay alao be fOUlld in microwav.
work.n.

4. Ittects on 8yl

s.veral epU..iol08ic.l IUrve18 of 1.llticular etf.ets ot
alcrowan york.N baY. 'be8Jl perfo1'll.d. lone ot the .arY.,.. report.d
• riatiltical11 81p1fiout incr.... in th. _bel' ot oatar.cts in
penOJDltl occupatioul17 apoeeel to aicroYav, ra41atiOD. Th.
au".,.. vel" 1I08t11 coDcerned 111th aUor l'Dtioular det'cte. b,
ot the IU"'18 iD4io.ted a staU.t1call1 aiplflcut il1Or.... 1D
lllLticulsr aet.cte in 1I10ro• .,e workers. _bold. t'l] ez..ined ",000
pereou d11'1decl equall7 into three IJ:OUIl8. Croup j, Ccapriled tyO
ftbcroupa. A.. contained 542 iD41Tidua1e Gpo.eel d1reot~ to
alcl'O~' natatics at po...r 4na1V ot about 0.1 aV/ea up to 6
aV/oa. G~up ~ coapriee4 458 iD41Ti4ua1e _posed to lI1I at aboat
0.01 aV/ea. Or!up B ocapr1.a4 1,000 .......tche4 iD41v14uale DOt-J08. to mcro...., cU. Group C as 1184. up of children ad
~gylD11ea •••a 5 to 17 1"l"8. 'J!le eua1Dat101l ot the leu v.. aad.
.1111 ••1110 lUp atter d11atation of the J'llPil. Leu trauluoenoT
vaa a•••••ea u.1DC a '-craele scale,

10
10 leu cha&ee

2° Hua.roua aaall, lIlulU.haped opacitie., which JIA1 'be counted,0 B1aeroua .all t .ultiahape4 opec!ti.. , 1Ihich are elifticUl10
to count.0 .b abo.,e, but nth a tedenc1 to 1ncrea•• in InDber or aise
on succ••eive ex8lllinations

50 Any chaDIe impairil18 visual acuit,.
8tat1.t10al17 .1l1l1t1cant diftereDce. in the trequenc,. ot

"ar10ua er&4e. ot leu traDll1ucellc1 ai.t betyeen Group A aDel Groups
B and C. KoreO'Yer the cClllpariaOll betv.8Jl 11 and A allO
4..0I1I1:rat•••ipiticant difterence. (Table 6). ;ie author
11141cat84 that 10n8-tel'll overex:po.ure to loy do... of .icrowa..... -1
tend to accelerate the IlOl'IIlal &gina proe••s ot the leu.
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Group C

Lena vacuole

Group BGroup A

A~ At+A~2--=_":""-----.,=""'""_3i., 2r:7 29.7 68.8
52 •6 57 .7 50. , 26 •9
12.2 16.2 16.6 ,.6
'.5 4.1 2.6 0.,

0.' 0.8 0.4

Group 110.

Teqroth aDd Aure11 (e] reportecl an incre.a.d naber of reUnal
leslolU1 in 68 worun iD. • Sn41.h tactol7 where alcroftTe eqdpaent
v.. t ••teel. The reUul lealona vere charaoterised b7 their
res.blance to chonoreUnal lCan after 1Jltl...torr reacUou. Ko
4.. on tbe int_iV ot the ra41.Uon w.re provided, but the 
authop c01lll14ere4 that the 1IGia_ penalaaible _poaure ot 10
.v/ca ie too hip. The probl_ ahoulet 'be further inveati,.ted.

5. Bepr04uctlon aD4 Genetic Ettects

ncro...,e radiation caD induce sterl11t7 in h\a8IUI when the
inoident POWI' d.naU7 i. h1lh eDOUSh. In recent 71ara, .icrowav.
h.. be_ usee! tcr birth control In saal hospital. in our coatr,..
In lIO..e 1101'_1'8 occupaUoull,. expoaed to lU' or XV, the
.pea.tOlen••i. or ..en8trual pattem va. altired, .nd ..,0 iapotence
oceurre4. BIlt the total number ot ca.e. are too tev to conclude a
caus./ettect ~elatlon.hip.

U aD4 1lY ra4iation are t.ratol.llie to experi.ental animal.
expoaed at specitic the. duriaa •••tati011, but there 11 no evidenoe
ot nch 1n huaau. The us. of micro_v. he.Uns as diathel'll7 to
r.llevl t~ pain ot uterine ecntr.ctioaa during labor vaa reported
trOll lel,ia. It was ••i4 that the babiea vel'. born health1.
leverihele.. , extr... caution mu.t 'be exerebed. A fev c•••• ot
multiple inborn det.cta in tbe ottlprll11 of vomen irradiated

In our inveaU,aUon, the lenticular tranaparenc1 na examine4
in 227. .10rova.,e vorkera uI1 117 .......tchec1 plraolUl .a control. No
aigDiticant ditterenoes in iDcidence of lena opacitiea vere found.
fte incidence ot leDII .,acuol. in the ti rat ,roup vaa h11her than
that ill the control group (p<0.025). A tev caa•• ot cataracts or
retina h_orrh.ge pointe vere found in the mic1'Ovavi vorkers.

Table 6 Percenta,. incidence in varioua lena tranalucency ,rad.a

tens Tranclucenc7
Grade A .

-=.=..:1;:.:-------:::d.o
2 62.0
3 19.7
4 4.8
5 0.5



~l4tat.17 betor. or dur1D8 the '.1"17 stages ot pr.gnanc7 with
.-nave diath.l"IIl7 hay. b•• reported by Coccon. Erdman .t .1.

Si,lor .t al wU••t that .0DgoU._ occure _or. tr.qu.ntly U10q
till ott.priD& ot t.th.1'8 prot•••tona1l7 expo••d to IIlero"•.,.e.
It.nr, an 1nt.IlI1v. tollow-up atud7 tailed to conti1'll the
IIIOclaU02l. In I.n.ral, th.re ..... to be no baBard und.r or41Dar;r
1"1•••10na1 exposure conditions.

1:1 th. UJ11t.d Stat•• , a study [9] ot Am.rican raba••7 pereoDn.l
til Ioacov ".. r.ported. The purpose ot the .tud)" "a. to COllpa" the
.rblUt7 an4 l101l'talit7 experience ot u.s. Gov.rDllct _plo,..•• at
the Io.cov laba817 during the period 195., to 1976 vith the
.,.r1eno. ot .•pl078•• who bad s.rv.d in oth.r ••lected,
IOD1rradlateel Iaat.l'D lurope•••ba••b. 411rilll the ea. period.
!be stud7 population consi.ted 01' 1827 .p1078'. .t the Ko.oov."11' ud. over '000 01' th.ir d.pendente and 2561 .,107". at the
Ii.bt CClapariaon po.t. and 5000 of their d.p.ndent.. Compardiv.ua1,._ v.re ••de of an .Jllptau, 001ld1tio.. di..... , and cau••
ot d.ath accordlq to the abatract of the medical r.cord., re.poDS'
to the Health Hi.to't7 Qu.atioJUlalre, 41•••••• reported on the
Qla..Uonnalre, and acqui.iUon ot a••th certificat... 10
41tterentlal health rim a••ocl.ted yUh preallied exposure to
UC1'01I&.,. ra41.Uon v.re dnona1:ra1:.d. The aazlln. exponre leyel•
•..nrea at 21" near the ~n40". 01' the upper central bulldiq rallied
troa 1 uV/ea to 15 uv/ca. moth.r .tud;, (9] va. reported ot •
three 7.ar inve.tig.tion tbat v.. daed .t the d.teritinaUon ot
htalth ri.k. trOll aero1l&Y. radiation 01' U.S. laYal persona. A
JOpalaUoa. ot .pprozlllatel1 40,000 (halt coutituted the exposea
poup, a4 balt the control group) ft" ...lned tor aort.liV.
aorbidi1:;r, repl"04ucttve pel'fomanee Ul1 h.alth ot children. The
lIIta 41d DOt shov 8Il7 4ittu.nc.. between the two group.. It did
DOt ...lp the _po.UN doe. to 8D7 ll1dlviduala in thia etu47.
Boa. ot the 2b.erved peraou vere aFaed to aicro1l&"" in ace.. of
the 10 mV/ea 111lit2 Accidental _ponre ... at ..ttaatea l..,ell
tzceediaa 100 .vlell. !acl1011en II1d ~dar operators were l.nera117
-poaeel to 1..,.1. veU below 1 .vlem •

It 1Iq be suaariBed that th.r••1" great 4ift.renc.e in the
~!th04., content. and r••1t. of iun.tilat.io. tor ..,al118tlq the
-alth baul'd ot aicro1l&" 1'8.41.1;1on between 41ft.rent co\ll1trie.,
caUiDl lreat oontrov.l'81. Add1tionaU7, the health b...r4 1n
.1crowa.,e 118u8117 1s DOt 80 ..rioue and 10 c.rtain u that in an7
other 4is.a... JUm.l'OUI qu••tiona concemiDl the clinical cours.::a pathol·n••i. ot certain 1••10ne caueed b7 Rr an4 If radiation

v. ZlOt b.en cle.r1;, elucidated up till nov, and the .,.ptoas
ua"l1y are rev.r81ble, but the exi.t.nce of health baul'dO\1ll
ettecta of U and !IV cu not 'be d.nied. An lnv••tililtion (6] 01' the
Pati.nt. sutt.ring trOD microvave sicleDeas reported b1 Sa4echikov.
lU118trat•• this. It abOved that, de.pUe repeated therapeutic
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Is .tter ce•••Uon ot upo.ure

Radiation condition. related te health hazard
and .tud.rd p~ulaation in Chin.

In order to .et • re••onable Htety .tand.ri of' II' an4. JIW
r.41.tlCl1l, eonditioDa re1.ted to health ha••rel Ihould be r..,1twe4.
Several a:po.ur. Itanelarda [10,11,12,13,14] In different countrie.
are reported.

AI _der • Gpo.ure

1. Radi.tion intenlity

It _18ht be conaielered that accorcllll1 to epideml010aica1 d.t.
frOlll .po.ure to .larawave eneraY, 10ng-h1'll expo.ure .t .everal
.V/ca2 may induce alteration not on17 in nervoua and cardlovucul.r
Iy.t... , but in the normal aging proce.. 01' the leDS and peripheral

638

treble 8 CUnioal cour.e of' .icrowave radi.tion durlll1 and atter
!!]!OR"

Clinical Penoel of' 110. of' C11nioar courae
.:rndrClle. ob••nation c.... Recoyeuv Stabl11••ilon Prolre••loa

Aath.nic A 25 13 11
B 5 , 2

Aatheno- A 47 47
autonaaic with
"ucular B 16 15 1
d7.function

Bnotha1..:lc A 2 2
(.utonal1o
vueular 1'01'11) B 6 5 1

'lotal 100 3 35 62

cour••• aDd teaporary vithdraval fl'Oll work wi th microwave loure•••
upon returniDg to previoua work conditloDS .7Dptaal incr.a.ed in
.everity. particul.r17 -0111 patient. vith .dvanced .t..e. of theU...... In such patient••utonCllla vaacular disturbanc••

. de-iDated, cri.e. of cerebral and coronary iuuf'tic1enc7 proar•••eel
ana dev.lopm.nt of i.chaealc h••rt ell.ea.e .nd h;rpertenalon va.
ob••rvec1. C••••Uon .of' work Involvilll irradiation fr.quently

. r.eu1tec1 in atabililation of the initial .t.ge of i11nel. (treble a).


